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BIOLOGICAL HAZARDS FROM PROJECT RULISON

‘\\JJ ‘ W. L. Robison and L.R. Anspaugh

.Bio-Medical Division
f% Lawrence Radiation Laboratory
University of California

@vermore, California 94550

N o
: ABSTRACT
| .

Project Rulison, la.LfEﬁnderground nuclear detonation designed for

/ ‘.'\ . Do .
the stimulation of natural gas ;féj\qrvoirs, was detonated on 10 Septernber
["ﬂ\ B o o :

1969. When flaring of the natural gas-is begun the major isotope to be

L S
.
Pt
LY

f—y

released will be tritium (3H).
| Lo | Yy .
Several questions have been ad_drew, concerning the biology
: ) bt ’
and physics of tritium. The general conclusions are that ordinary

- | |
absorbed dose calculations based on energy uniﬁ}ormly distributed

)

—
throughout a volume are sufficient to describe obstr,xed effects. No

] -
special mechanisms need to be considered in ordé‘g- topccount for the

degrée of the effect observed.” Also, organic moleculj and especially

* deoxyribonucleic acid (DNA) have 3H-lH ratios essentiail[t_ﬁe same as

 —
" that of the body water when animals are constantly exposed_to ?_H It

o

(A U
appears there is no increase in the incorporation of tritium into I?NA as

[

a _result of the mgestxon_ of tritiated DNA by :as cending trophic levels, ARCHIVE

The concentration of 3H in the environment seems to be the controlling

factor. ' o | ' | W
| A3
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Dose estimates to the surrounding population from both inhalation .

T ] .

[ [
and fééd fcbain pathways have also been made from source terms predicted

LY 5
N \‘,y
-

for the Pro{tﬁtrﬁ.ulison operation. From these dose estimates risk
N T ‘ .

.

calculationg“jfsi:,genetic death, leukemia, ~¢cancer and non-specific life-

shortening have 'b;(éfé;x:x\\pnade for the 1000 persons within 15 miles of
N |

b
. i i .
The total detrinixezvnt to the first generation (genetic death plus
e ’

the Rulison site.

Iy
non-specific life-shortening) jf\one uses the maximum estimated dose
. A -

e 4

" via the food chain of 30 mrer"';f’m(;“doig,eu:which. could easily be reduced

r

Vi T

by employing appropriate precautié\i\i’s);";s 2.6 % 10-2 lives lost per 1000 ... _:

persons. In the interest of public safety{/t:l—i;ése source terms, dose
.\\\:‘,‘I

.y

estimates and risk calculations have beenIfade in a very conservative

fashion such that upper limit risks are reportéd.
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PREFACE

R
‘@Q following analysis of the radiological hazards of Projcct

Rulison was [updertaken af the request of the Nevada Operations Office
ARV q
NI

of the U.S. Loﬁﬁc ergy Commission. = *

The metero\ ogigal source terms.for much of the analysis were

supplied by the Environr{{%ental Sciences Service Administration, Air

|
Resources Laboratory," : ; iVegas. The total radionuclide inventory
~

’; v"&&‘ .
was supplied by the Los Alamgs‘gi‘;Sg:ienti.fic Laboratory.

The analysis which we have doiie is not complete in that we have

not considered all possible routes o{:‘ejé_t:i'y of radionuclides to man.

!’; — N

Other groups have be"enArequested. to perfo’rr:ifanalyses in addition to

L
N ,
those considered here. Questions relating to hydrology have been

investigated by the U.S. Geological Survey andgﬁ;sotopes. Inc. Hazards

[P

f_egent analysis have

=

via some food chain routes not congidered in the é)

been evaluated by the Battelle Memorial Institute,”Columbus. Many
additional evaluations have also been performed by the U.S. Public
Health Service Southwestern Radiological Health I.éboratﬁ;r:énd the

Nevada Operations Office. . L

—
i

1t should be understood that the following analysis is tHeiregqire not
bl
LN/-—"‘_/
a complete analysis of all radiological hazards, nor was it intended to be.

‘ _ : <
Several specific questions are addressed in the following analysis; thyOE ARCHIVE‘
-absence of other considerations should not be construed as meaning that

we felt them to be unimportant, but that they were being considered in =

i QS
detail by others.



1. Introduction

3?:’6} ect Rulison,} the second experiment in the stimulation of natural
-

gas res}e\r_vmrs by nuclear explosives, ‘was detonated on 10 September 1969.

It is presentliyﬁ‘pléhned 3 to re-enter the cavity six months postshot and
L‘ﬁ \"»_} ...ﬂ ’ *

to begin flow testing to determine the cavity volume produced by the

explosive and the réfgﬂ;éi which natural gas will flow from the "'stimulated"
reservoir. During the H;béy tests, the natural gas produced will be flared

and consequently tritium 'i}i—{};e ;'?fm of water vapor (HTO) will be released

to the environment.
The purpose of this paper is to examine the off-site radiological

hazards asrocinted with the Bulicon re-entry znd testing cperctions,

BEST COPY AVAILADLE

Major attention will be devoted to tritium ._,s_j.n_é'g it is considered to be the

—

major potential source of radiation exposure. 'fhe validity of the maximum

permissible concentration (MPC) or rad1oact1v1ty concentration guidance

s......_...
1

(RCG)S' 6 concept as it pertains to tritium will be discussed as will the
possible dangers and pitfalls in applying the RCG values to the generall

public if possibilities exist that food sources will also be contaminated.

[

] ,...-....
Estimates will be derived for the maximum credible doses;m the populatmn

at risk, and these will be used to estirnate the maximum biologigglh.&
Bi

consequences that could ensue. : o .

| ' OF ARCHIVE®
11. Problems Peculiar to the Biology and Physics of Tritium D!
( Several factors have been discussed concerning the hazards of
tritium relating both to its biology and decay characteristics. These 8 2

' '



questions, which will be addressed below, may be summarized by the

Iollov;;xgi 1) Trxtmm'(es tritiated water) is know_n to label organic "

= s the ICRP assumes it is _distributed throughout !
2) Tritium

molec&fég whw '
: i \ . ‘
hould the MPC levels therefore be reduced?

the body wa#ei}"\j
can be mcorporatf@o organic molecules where it turns over slowly

compared to body \\“vafér,qm1ght not models based solely on water turnover

]

rates in aquatic ecosystems. for example, seriously underestimate the

ultimate exposure to man who/\vquld ingest tritium labelled organic

/-
3) Tritium deci,)‘h‘oy eniission of-a very low energy beta

/""\

molecules?
particle, and it has been suggested that ordmary dose calculations based

\ S
" i e

on encrgy unifcrmly distributed lhr uusqu}vomme may not adequately
BEST COPY AVAILAJSLE

R
ey \

-

reflect the true damage observed, espec'{g}‘ljf/if tritium is incorporated

oy
Pl

into DNA and other nuclear cox"nponents, and 4)| Does tritium, if it is

[

incorporated into deoxyribonucleic acid (-DNA)‘:“a;lgg:cause additional

damage by transmutation of the DNA itself when the tritium decays?
b: 7 who '

The first question has been raised recently byi|Evans,
' B

analyzed the tritiumn content of lyophilization water and' com‘qustmn water
irom seven tissues of 52 deer killed on the Savannah Rwer“Plant Site.

His results indicated that the combustion water and free water 1'contamed
i ; i

He mterpreted his results aﬁ.nreanmg

the same tritium concentrations.
that the sustained exposure to tritiated.body water would result at

equilibrium in the labelling of all orgaéic molecules equal to that of the

27

-——
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body water on a per gram hydrogen basis. He therefore concluded that
. - :

the qu;y ﬁnirden due to chronic exposure to tritiated water would be 1.4

S
s

to 1.5 {iﬂmes*h\igher than that predicted by the International Commission
. Al .

FRN
BNt

on Radiologiéa\[l\f}?rotection (1ICRP) model. -_
Somewhat étmi‘l"ar results have also been reported by Koranda
1 - .-

etal, 8 They analy\sz'a tritium content of body water and lyophilized

organ residues of 95 kariéaroo rats which had been living for generatbions

in an elevated tritium énvirorx/x'lf-;!&}\i: surrounding the Sedan crater at the

Nevada Test Site. They obse(r/;:é“t}/l;tf\the a.i:tiv'ity :per gram of hydrogen

o,

in the lyophilized residue of six oréﬁ?&i"/a.veraged 1.5 times higher than

/j'a aiter extrapolating their
. g\ﬂ BEST COPY AVAILABLE -
data to man in a situation of chronic expo that the.body burden and
r“i .

that found in ilie body waler. They conci

i -

- dose would be 1. 8 times that predicted by the I§C§RP model.

1
i

Lod

These results, "however, are in marked cbntradiction to those

R —
§ e

reported by Thompson and Ballou. 9 They exposed mature female rats

to constant levels of tritium oxide, mated them after s,' weeks of exposure,

Uy
i

kept the parent females on constant_e.xposure during oifsygg_a_«g development

i O,

and nursing, and then maintained the offspring on the sarbEE;;posure level

PR

for six months. At this time the offspring were removed from expbsure

to tritiated water, sacrificed at intervals, and the tritium content of

combustion water from various tissues analyzed. For those animals pOE ARC

sacrificed immediately, they observed that for most of the samples

‘analyzed the combustion water contained 20 to 30% of the tritium

HIVES

(o
A%



concentration in the body water during exposure. They interpreted this to
mean thah 20 to 30% of the organically bound hydrogen (both 'freely
exchanteablﬁa a,(‘ well as '"firmly bound") was derived from body water.

1 weUac épt this interpretation as correct, which seems reasonable

R

irom cons1deratxonabxochem1cal pathways of hydrogen mcorporatmn, 10

we would have to a)sijm;e that Evans' data are only mterpretable if the
ta
i

deer were also consuming food containing tritiated organic molecules.

SR ST

[

This again seems reasonable since the exposure to tritium is chronic and

would have provided adequate,i'oppq;rtunity for -the food sources utilized by

the deer to be contaminated and the;\i:}é'nt organic material to be labelled

by tritium. . R
. . "‘"‘\L"

—

The kangaroo rat utilized in the s@gs of Kpranda etal. is a

e

unique animal which can subsist on dry seeds \’vithout the intake of any free

i
E I

water. This animal therefore derives a magor‘f:a.ftjfm or all of its
tritium from the ingestion of tritiated organics, ?z;é:hie tritium in its
body water mainly from the catabolism of tritiated or%nics. These rats
would exchange tritium bétweep their body water and ‘ 108 heric water

of lower tritium concentration and would also occasional‘E:ink free

_ water 'deposited by rain. Under these unique circumstances xQ peems ‘
reasonable that the body water tritium concentration should bilowér than
the combustion water tritium concentration.

We may conclude, then, that neither the study of Evans nor Koranda

et al. may be interpreted as valid arguments for the reduction of the ICRP ﬂ

A7
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recommended MPC's which are intended solely for either the breathing of

- '~; .
air or th4 pngestlon of water contammated with tritium oxide. Clearly,

“the ICRP/MP\C values were not intended to apply to situations where food
N
supplies arﬂc\oncomnanﬂy contammated 4 There remains, however, the

-

fact that some orga’ﬁ\cally bound hydrogen is derived from body water,

and that this orgax;\cally bound reservoir of hydrogen atoms (or tritium

atoms) has components ﬂLat turn over slowly compared to body water. 89,11

For purposes of evaluaftgng chronic exposure to tritium, it might
/ ___‘ \
therefore appear approprzate.to Iowar the MPC values by 10 to 20% to
/ e ‘; 5
account for the additional body burden accumulated in this way. However,
\«___./
in comparison with the overall unces Lcu;m invoived in the establishment

\l N BEST COPY AVAILAULE

appear to be useful or meaningful. i,
: P

|
In situations involving acute exposure to tritium, somewhat
et ‘

i
HER—

i

different conclusions might be reached due to thei ong turnover times
observed for the organically bound components. Evengcute single

' | _
administrations of tritiated water are effective in labellifmg_th;e dry tissue

solids of mice. One day following such an administratio}x[giri and

R —

Ever s.12 observed that the tritium contained in dry tissue aohds amounted
to 7% of the injected dose with about 1. 5% being firmly bound by—-—w‘ :
metabolic processes. Some human data are also available concerning

this problem. Snyder et al. 13 followed an individual accidentally

exposed to tritiated water vapor and observed that the body water GO



elimination followed a curve described by the sum of two exponentials

with }i;;.lf{iives of 8.7 and 34 days. The total tritium contained in the
i .
L : .

seconéilé" ponent appears to have been something like 0. 5% of that in the

1 . : -
first compo}nwé\ 3 nd contributed about 2% of the total dose. Reinig and

e

Sandersl4 also str ied\a case of accidental inhalation where the dose,

46 mCi, was largé»@';'ugh so that the tritium excretion could be {ollox;fed

M
[

as long as 415 days. Tlgfe observed urinary excretion pattern was

r&..—....«

assumed to indicate that the tr.ttmm was dzstnbuted among three
compartrnents with half-lives o£~?~6". 14, 23.4, -and 344 days. The highest
percentages of assimilated tritium in- t}ie longer half-life compartments

were 0, 54% and 0, 26%, rcspectively. Reariy aud Saunders made

- (Z2°  BEST COPY AVAILADLE
conservative estimates of the dose contr@ns of the tritium in each of

: , 1 :
the compartments and concluded that the rapidéli turning over compartment
) i :

(body water) gavé a maximum dose commitment ?S ._13' 52 rem whereas the
. ! r . -
{

slower compartments gave 1.37 rem. It therefotf‘%‘eems apparent that

the dose calculated on the basis of distribution of tritii\ only within the
. i

body water should be increased by 40%. Howevgr, if f Acalculate the

infinite dose using the ICRP model with a body water habf@e of 12 days,

: *
the result is 5.8 rem. This d1screpancy is due to the consenvansm

é' .r’ D’OE P&CHPJE

* . .
Reinig and Sanders used a relative biological effectiveness (RBE) of 1.7

in their calculations. This value has subsequently been changed by the
ICRP to 1.0, 15 put 1.7 was used in this calculation so it could be
compared with the values of Reinig and Sanders.

c3l
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incorporated into the ICRP model regarding the half-time of body water.

.
il

Wherejé:s the ICRP uses the value of 12 days, the two experiments

mentionéd’above actually measured considerably shorter values, and in

general the I{i'aﬁ\f\ﬂimes méasured by many experimenters average 9.5

daysl6’ 17 rather 2 days.

R

We would t fore conclugle that the use of the ICRP model ddes
r : .

[ . . .
not significantly underqitt'mate the dose delivered by either chronic or
i

.

acute exposures to tritiated .w?gr by ingestion or to tritiated water vapor
Y .
1,0&\

by inhalation and skin absorpti

_—

™

The second question relatesi spec1f1ca11y to the incorporation. of

33
-
tritium into DNA and other orrramr annnn»nfc of long turnover ti'nc:.

< BEST COPY AVAILAL
1f such compounds become tritiated in low‘\t‘rophlc levels of an
N ’
ecosystem and are subsequently passed upwar??through a food chain,
a8 .
the possibility has been raised that the ultimatel exposure to man eating
i -~ _,“-‘

such foodstuffs could be substannally higher than that predicted frorn
18

the average concentration of tritium released to the exlx”?ironment.
: :i
We might first ask the question whether tritiumjas tritiated oxide

(e

: D=
can be incorporated into DNA. Considerations of the biachemical

pathwé.ys that generate nucleic acids clearly indicate that t;i‘iium\contained

19 S

in body water should be incorporated into DNA, although the:e.As a lack

: cHIVFf
of experimental data on this point. Relevant data are those of Me‘tz&QE AR

etal. 20 They injected rats intraperitoneally with tritiated water

32
¥
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(25 pr/g ’body weight}, sacnhced the rats {our hours later and then

assay%ﬁ the firmly bound tritium acthty in macromolecular fractions

of the liver [ \They observed approximately gqual tritium concentrations

(70 cpm/mN\xcleic acids or .prvoteins.'}-_'rhe efficiency quoted for

their tritium determination was 20%. Using this figure, we may calculate

that the specific activi as 0.16 uCi/g. The conceqtration in the bod).r
T 40 uCi/g. Although the fractional activity

,-—-‘

is small, it is clear that even/BﬂeI exposures to h:gh concentrations of

water would have been

HTO are effective in mcorpo’r%tusfg t/nhum mto rat hver DNA and proteins

N

i e,

and that the levels of mcorporatmn.u‘rthe two classes of macromolecules -

"w.....,,

s

are not essentially diflereunl. Il also bc:exns*:‘redsond.me to assume that
‘\\ BEST COPY AVAILADLE
most biclogical organisms would have ratﬁ‘e/x/ similar characteristics.
H

The question we would like next to add:}gﬁsa is to what extent the

Jabel in the DNA contained in an initial food link might be passed on to
- : L-_l .
DNA's in subsequent links. Unfortunately, there hppear to be no data
’ I

available to make such analyses directly. While no S'Hdies are

available on following tritiated nucleic acids through foog:l—chnins,

several studies have been done on the incorporation of ti:{tia,ged DNA

i

i, |
i

precursors into newly synthesized DNA.
VES
Hinrichs et al. 21 injected tr1t13.ted thymidine. ( HTdR) ““'E—ﬁ ARCHI
intréperitoneally into mice and determined the percent of injected label

that was incorporated into total body DQA. They observed that with

339
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doses of less than 30 pCi per mouse, the amount of radioactivity .

i’ i

mco*pqnatéd into the total DNA of the mouse was less than 6% of the
m_)ected dose \] Most of the mJected activity was rapidly catabolized to
HTO, as has Fk\ubeen observed in humans following intravenous
injection of tntxated{Z@nﬁme. .

Lambert and\Cl7£t:1n compared the efficiency of incorporation

of tritiated thymidine mti irat DNA by the routes of mtrapentoneal

injection and ingestion. They og\grved that mgestzon was only 1/8 as

i
efficient in getting the tntm.m‘-labél\ mto DNA. Combmmg the two

tritiated thymidine culy 17 ui the label is vﬁco;pux aied into DINA, and

>N\ BEST COPY AVAILADLE

for mammals at least, we would expect httlp;transference of tritium

“"’,

contained in ingested DNA into newly synthes1z¢d DNA.

It has been estimated that the weight ratm rotnNA to body water

| oy

is about 10° -3 for both mouse21 and man. 24 If sinjxlar ratios pertain to

all plant and animal species, this would further argue %liat most of the

i
i

tritium incorporated into newly synthesized DNA would c?rg;ejfrom
. R

sources and pathways other than the direct incorporationf f tritium
| SRS )

contained in ingested DNA. Additionally, 'thefe is no assuranc;effhé‘t
the ingestion of DNA precursors represents an adequate model%r/tl-gOE ARCHIVES

ingestion of food containing intact DNA. Digestive processes may not

provide precursors that can be readily utilized.

3un
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Relevant experimental data are those of Hatch et al. 25 who have

studxed{théitntmm activity contained in the liver DNA of the kangaroo

*\t:y
rats taken fmm edan Crater, They observed that the tritium act1v1ty

per g hydro ﬁn\ Ls the same in the 11ver DNA as it was in lyophxhzed
whole liver t1ssue.(@s mdmates that these animals do not preferentzally

mcorporate tntmm\iﬁg ft’helr DNA relative to whole liver tissue even
!
though their tritium exchure is mainly derived from the ingestion of

tritiated organic compounds. f?

For situations mvolvmﬂtomc exposure to relatlvely constant

/

/"‘ 4

levels of tritium, we would conclude\on\the basis of the avallable

-

evidenze that therc ic o rceson Lo ueueve‘uhu. tiie tritium concentration

( :; BEST COPY AVAIL. \DLE
in the _long-livea macromolecular compo@ of any trophic level

M
organism would be significantly higher than tha@tgof other organic

: L
compounds or that of body water. (The kangarSJo ,:r_atfr any organism

whose hydrogen intake is derived mainly from oré§nic matter would be
‘an exception to this as far as body water is concerned.|)] Situations

involving acute exposure (or following the termination ;{P—xﬁnic

exposures) are clearly different, and the relative concen@ons would
be controlled by the relative turnover rates of the various org#‘!‘i’&and
body water components. We have already discussed evidence uiaicatmg
DOE. ARCHIVES
that following transient exposure, the long -lived organic components

will eventually contain higher concentrations of tritium than the shorter

lived components.
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1t should be kept in mind that these conclusions are based upon

rather lnfuted experimental data. However, the extrapolation of the

I
avaxlable/éata to the Rulison situation can be made with reasonable

l

confidence ds\{; 3 pnmary orgamsms of concern are mammalian, and

il Y

the food chains are/(npa\gcomplex We do not feel nearly as confident

4

about extrapolatmg\ﬂ&se results to all members of complex (for example,

'
aquatic) ecosystems inv{ }vmg a great diversity of organisms within food

h—

chains. Isotopic fractlonatmn,mechamsms for the hydrogen isotopes are

/"'\\
F oo

- known. Man, for example, qghaies water va.por contammg 94% of the

...,\

‘ps c . 261 .
tritium concentration in plasma, Va\ndu\{the pigeon has been reported to be

B

unusually efficient in this process wills Ll.e GApired waier vapor tritium
‘»’“\212 BEST COPY AVALLABLE
level only about 50% of that of urine or bl\a.‘ Other fractionation
effects observed between dueterium and protiui:ré have been summarized by
||
Bowen. 27 How widespread these processes are is.not known, and there

appear to be no sufficiently detailed studies of th% ;‘beixavior of tritium in
L

complex ecosystems so that the significance of these li;assible processes

can be fully evaluated. | S
o

Question three, dealing with the dose estimates afx\ﬁ-subsequent

N

effects as a result of the low energy tritium g particle, has been~100ked

1 :
i

at in considerable detail by Bond and 1-"einer‘xclegen28 and by Feln"é?ndegen. 1 .

They have considered their own work and the available literature. Some
DOE ARCHIVES

of the early somatic effects which have been observed after tritium

exposure and compared with x-irradiation are cell killing in tissue @/

36
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culture, 29-35 cell killing in mtact mammals, 28 mitotic delay, 28,32 and

36 37 .
vario s t)@es of cytogenetlc abnormalities. ™’ Late term somatic

F"i

39,40

effects whic e been studied include carcinogenesis. 38 Genetic effects
@nant lethal induction - and point mutations in the

include both _cho

form of recessivek@,l;ls.‘u-43 e

Bond and Fei endlgen28 concluded that all of the short term

somatic effects resulting|{from tritium exposure could be accounted for

on the basis of the dose absorb’ed by the cell nucleus. The degree of the -
L \ .

effect for any given absorbedl-doseJas ' a result of tritium exposure was

gquantitatively similar to that obserﬁé&ffollowing an equivalent dose of

x-irradizticn. In cther words, no apu.c;a.;/eau.umnuns need to

\\i BeST CCrY A\A'L ADLs
conszdered other than the absorbed dose due’ dJo the random d1s1ntegrat1on

r"*,

of 3H atoms, regardless of whether the 3H atotri is in the form of HTO

.\1

or actually incorporated in DNA as 3HTdR The mttixe quantitative
correlation between absorbed tritium dose and x-{ F adiation also appears

to occur for long term somatic effects and genetic effe%cfts. In some

|
cases the absorbed dose from 3HTdR or HTO appears to be-slightly less
i

Ay

eﬁectxve than an equivalent dose from x-irradiation wh11L§m other cases

%

.,

it appears to be slightly more effective. However, within the | }”"‘\;l
experimental error and technical difficulties in such experime“n't;%’ it

appears that the dose absorbed by the cell nucleus as a result of tritium i
DROE ARCHIVES
decay quantitatively accounts for the degree of the effect and it does ~

not exceed that expected from a similar dose of x-rays. }.37
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.Lauml:>ert34 has recently published results of experiments (not

mch_dad m Bond and Feinendegen's analysls) designed to look at the

! ]
: / 7
\ e’

death of mtermer-pate and type B spermatogonia after irradiation of

N |

mouse testes}.i "‘Tl}e testes were irradiated externally with x-rays or

.-

internally with H’EéR\‘or HTO. Agam, the quantitative effects

considering the abso‘rb’edi__dose from tritium and that from x- 1rrad1atzon

|
1
{ntmrn irradiations were slightly more

were quite similar. The

effective than x-rays in these e/ﬁ;p\eriments and HTO more effective than
3 \

/.de

HTdR. These results are sunxla\ﬁ to those of Johnson and Cronk1te35

s
/

where 3HTdR and 6OCo Y rays wereL;véﬁqd for.induction of spermatogonial

#

killing. S

«\~
o

T N
Various experiments have been com@g@ted to compare the

jndl

S L
effectiveness of tritium B irradiation for produding a given biological
L

, - . 60 . e .
effect to the effectiveness of Co y irradiation ar—x=irradiation. In some
L]

H
S Svo—,
i

.experiments the tritium § seems to be slightly les;éi’ effective for an

equivalent dose while in others it seems to be slightly ﬁ'xiore effective.
§

~In some experiments where RBE values of 1. 6 to 2.0 arercalc,ulated the
i 9
uncertainties in the dose calculations make the results verifenuous and

R, §

[

the results _should be rega:rded with circumspection. . ”"\‘D_QE ARCHIVES
Bond and I:"e'mendegen28 have pointed out that RBE's of 15—»—?//01-

1.4 for tritium p irradiétion relative to '60Co Yy irradiation are more like

unity when compared to 250 kvp x-rays. Also, they'have pointed out that

RBE's of 1.3 to 1.7 which have been observed for a variety of endpoints m

| 3y
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in intact mammals are based on calculations which assurmme uniform

dlstrzbutlonim the body water and uniform whole body dose. However,

i r

a large part‘ of an animal is bone and this component has a minimal uptake of

HTO. When og‘e\ﬁkes into account this mhomogenexty in the distribution of

. tritium then the RBF/\'}Aue is nearly umt).r
Recently the\@P has adopted a quality factor (or RBE) of 1.0

.
rather than 1.7 for beta én;ergies less than 0,03 MeV; therefore, the

oy
[RR—— |

quality factor for tritium has been adopted as 1.0 a.nd the following dose

calculations in this paper will ngéi“!igéde-with this. value'.

e

Question four concerns the po,{sible effects of transmutation of

3 ~ 28
DNA as a reeunlt of "H docay., Again, Bcri ncudegen  have

B‘EST COPY AVAILABLE

considered this problem. ‘The general cone. u/ion is that no experiments

have shown that transmutatxon effects have any gqle in cell lethahty

[

(where results can be accounted for entirely by the{ absorbed doses) or
other cell damage such as cytogenetic a’bnormaliti?'s—wher'e there is no
correlation between the site of the chromosome break a;ﬁ;ﬁ the site of

incorporation of the label. 37_ Rachmeler and Pardee43 mve, however,

apparently shown a transmutation effect in the induction of ffifitants in

bacteria after labelling with 3HTdR. Bond and Feinendegen felt‘ that
transmutatxon could be invoked to explain the data of Kaplan et 31.4 «1 o
. DOE ARCHIV ES
who looked for sex-linked recessive lethals in Drosophila after
labelling with 3HTdR. The distributiox{of lethal mutations along the

x-chromosome was non-random and it was different from that observed m

39
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after x-ray exposure. However, in a more recent experiment Kaplan

B x"'} :
et al. ?; hL%ve looked at the distribution of mutations along the

:;\ o “ji i

X chro?nosora\e fter labelling with tritiated deoxycytidine (3HCdR).
N .
AN :

The distrib dx\:! liiﬁers slightly from that-observed with HTdR and

et

also differs from l:é?‘c}bserved with x-rays.” When the distribution
{ - <

N . 3 3 '
resulting from the two different labels (i.e., ~“HTdR and “HCdR) were
' i
added together the resulfé’_\y"eré like those observed with x- rays; This
was interpreted as suggesting tga\t the combined distribution is indicative

of the regional content of DNA‘aléng the x- chrorosome and that the

difference in the distribution of lethéiihxutations produced by 3HTdR and
3HCdR demonstirates that vaiiaiivus in iiine and cytosine content

_ “SINBEST COPY AVAILADLE
may exist within the chromosomal DNA. \Fherefore, invoking

transmutation effects is really not necessary in %order to explain these

results. R e

-

For the case of exposure to tritiated watei‘jw;ather»tha;n 3'HTdR,

which results in randomly labelled organic molecules :he effect of

transmutation would be n:egligible since tritium would xt“fotﬁew

preferentially incorporated into DNA and since DNA comp;gses only |

about 10™° of thé organic body weight. E}%\QF ARCHIVES
There is one addi#ional problem that should be consideye.c}{;;d

that is the unique si_tuation_of the fetus t‘hat‘ is continually exposed to

tritium throughout fetal life. The experiments of Khan and Wilson4

and Thompson and Ballou9 indicate that fetal exposure of rats leads to Q_Q
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 the incorporation of tritium into organic molecules throughout

organogenems with subsequent long hali-times depending on the site of
.mcorp\'a/txox\ ﬁlso, several experiments have suggested as stated by

the ICRP, 5 hq the effect per rad on the mductmn of neoplasia
5 .

following fetal 1rrﬁ@on is greater than the effect on children and adults
. by a factor of bet-weea/?. and 10. Mxller 46 has recently questioned the

validity of such a conclqs‘:on. but has not presented any compelling
—
evidence that it is mcorrect, ;’T\
//
These considerations Av’mﬂj} suggest that the cr1t1cal segment of

- Y

the populatmn at risk will be the Ietus. N If the fetus is indeed ten times

=

N
as sensitive ag advlts one could argus ..a*;:l sc e't:;:;c’.:'.rc.’.s should Le

‘ ~Z>  BEST COPY AVAILABLE
reduced by an order of magmtude when a‘{plred to the exposure of pregnant

-
H )

women. The effect of tritium incorporation mto organic molecules is

Cd
P

much more difficult to assess in that it is not Eéﬁ.tz‘:':i_z}whaf percentage
of the tritium under such conditions is bound to thé various types of

organic molecules. Obviously, some are much more ik‘:}ritical than others.
' H
A U
Relevance of the RCG Values for the Exposure of the Gehgral Public

C_ .
It seems appropnate before considering the partreulers s of DOE. ‘ARCHY\’E

"‘““\.

Project Rulison to review briefly the nature of the RCG valued,} 6 ;and to
L
point out how they may be completely inadequate when applied to the

geheral public.

e 4
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- Historically, the RCG values are related to the maximum permissible
gw'{ ' nl

concehtra&t on values (MPC) of the ICRP4 which were calculated for the

exposure of cc[Eational workers. The primary dose standard had been

for the whole body and certain other tissues and the

each radionuclide was the only exposure the individual had to radioactivity.
" A dose of 0.. 17 rém/year has been established for exposﬁre of the
£\
general public, and therefore/t RCG values for exposure of the general

public were also lowered to w th\t allowed’ for the continucus

exposure of occupational workers. Wgever, the key point is that the
S ,
MPC's and the PCG'c aszumc hat there i'/\b otliier route of er.try of a

. \\ BEST COPY AVAILADLE
radionuclide into that individual; this is a%ir reasonable assumption

for occupational workers, but it certainly is ndt\ for exposure of the

| i
e
general public. As both the ICRP and the FRC ha‘fﬁ:pomted out, one has

to be very careful in applying the MPC's to any siﬁuatlon other than that for

which they were calculated and corrections do have to 3‘b"e made when there

is exposure via other routes. Many exposures of the gene«ra—l; public as a

result of nuclear activities also involve the very real posa;bj.pty of the

contamination of food chains by the radicactivity released. Clzearly, the

i/, DOE ARCHIV

{

RCG's do not allow for thxs possx’bxhty, and we have already d1scussed in
considerable detail how the concomitant contamination of food may influence

the body burden of tritium.

”,
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As the ICRP and the FRC have stated, in order to be certain that

3

atxi'yl standard of 0.17 rem per year is not exceeded, it is

!

(N
necessary toqonsider all possible routes of entry of a radionuclide into

the pr

man, not jusH t man may receive by breathing contaminated air or -

-

drinking contamin ater. As we will subsequently demonstrate
for Project Rulison;~#ife lack of such considerations could indeed lead to
doses above the primary|§tandard even though the air concentration

1
values do not exceed RCG valuefs.,

Z‘"BEST A‘!A!LABL.. COPY

Estimated Doses from Tritium (~ y
\\_‘ .
In the Rulison basin the wmdil:l_gectmn varies from daytime to

TN
nightime. Nightime flow is in a northerly\%ﬁctxon down the valley

while during the day the flow is up the valley inrthe opposite dn’ectmn.

In the daytime the flow will finally reach sufficisint height to move with

the prevailing northeasterly winds. Therefore, @ave been presented
|

for predicted air concentrations and ground depos‘i{ioni‘l‘f;’or a twelve

hour daytime period and a twelve hour hightime period'{ or both an

accident gituation and a normal flaring operation. 2 i ;_‘_‘:‘

- The accident situation assumes that there would bie—ne—*control

i '"‘\

over the gas flow at the wellhead and that uncontrolled 'blowout;occuri)oE ARCHIVE

through an open drill hole. The source terms for the accident case are
calculated assuming that under such conditions 1’00% of the gaseous

rTadionuclides present at 180 days post detonation would be released in a

24 hour period. | | A M
#3
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The normal flaring operation consists of controlled venting of

. .
| ! cps :
the ca}v‘ntyi ;volume. Source terms for tritium for the flaring case were
/ I

(L

SN
developed aas\jﬂu g 20% of the cavity 3H activity is vented in the {irst

N
three-day ﬂL‘

ground deposition@ which the doses are calculated assume that the

operatlon. The predicted air concentrations and

cloud travels ina s\ﬁ’{%ht line --. that is, there is no meandermg of the
plume. Actually, one wl%léi] expect the cloud to meander durmg a
twelve hour period. Thereforém‘because of the dxfferent wind directions

during davtime and nightime éfhd ti\e/grobable m’eandering of the plume
T

one would not expect any one persomta be in the cloud for a 24 hour

LR

M o

pericd and suauliiug the duse over an ent((re day (or over a three-day

~~BEST COPY AVAILADLE

Ilarmg operation), would certamly produce-d- maximum dose estimate.

Releases after the first three-day flare will invplve smaller quantities
!

§~~ﬂ

variables as plume meandermg and wind d1rect10h; ‘will have a much

L

greater effect and the dose received will be much lessRhan that from

i
the initial flare. The exposure estimates for the f1rst“tb(1:ee-day flare

have been determined in a very conservative fashion and;;g_probably

reasonable estimates of the total dose one might pos sxbly reche }rom

the total flaring operation: ﬁOE ARCHIVES
Knox47 has supplied source terrr;s for self-induced rainout which

is a phenomena which may be observed at or near the'wellhead. It

consists of the condensation of water vapor out of a supersaturated gas w

cloud as it leaves the flaring stack. ' I/?/
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Dose calculations will be made for the accident case and the normal
. flariné i’:;&;ation considering both air inhalation and ingestion wia the food
= 48 .
chain, The mach of Ng et al. "~ for determining unit rad depositions

(the unit rad sition values are the amounts of radionuclides in

pCi/m2 that will x @m a 30 year doserof one rad) was jased for the dose
estimates via the forage w-milk‘ éathWay. The wnit rad deposition value

for tritium via the foragL w-milk pathway is 99 pC1/rn .

The unit rad deposltxon/for the soil- root pathway has been calculated

AR |

using the technique of Ng et a{‘ Hp_w\ever, because of recent information

concerning tritium movement in vanous iecosystems, we have made a few

\»».._.,/'

numerical changes in some of the constant{‘ﬁarametera in the basic

equad:ions.49 The approach used by Ng et\gassumes that tritium stays

1

- within the top 20 cm of the soil surface after deposulon. Korandaso has

£y

Aok
recently shown, however, that the peak concentraftjenlof tntmm moves up

; i

and down in the soil and reaches depths up to sevé_g or eight feet. We

have assumed, therefore, that on the average tfitium Q distributed in
L

. - the top 100 cm of soil. p—]

|

_ — _
It was also assumed in the original analysis that ﬁl'ie:_hj.lf- residence

pr——me.

time for tritium in the soil was equal to its radioactive hali-liiert—:\f\\lz. 3
i !

. L/
ears. However, recent evidence has shown the half-reside E‘ﬁée
Y , j : nc HEE ARCHIVES
tritium to be about 29 daya-SI in a tropical rain forest and about 18

50 )
months  in the dry desert region of the Nevada Test Site. Most areas
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would probably fall somewhere between these two ecosystemn extremes.

In our gnalysxs we used the longer of the observed half-residence times,

:
\ , £

i.e., 18 mon S.
With l‘.}f\s\ two major changes in the equations used by Ng et al.

the unit rad deposit@r 3H is found to be 1574 p.CiIm « Therefore,

!

the dose received vi‘aigeﬁoil-root ‘pathway would be at least 15 times

less than that received vxb-i_tb_e forage-cow-milk pathway.

‘.._..__._\

It might be mentioned h }‘\e‘.\that the time of year when the flaring

operation is conducted will haéé?‘ébr;gj\derai:le éffect on the possible

exposure via the forage-cow-milk paﬁfi&f&y. If there is still considerable

snow on the ground the cows will not be w'pasture a=d the amount of

=3\  BEST COPY AVAILABLE

tritium wh;ch would remain on the plants would be very much less than

that which would be deposited on plants if the flaHing were conducted
: b

g
A after the snow melt. Also, the final tritium concentration in soil water

would be less if flaring were conducted while there was still snow cover

on the ground. b
v

Another possible source of contamination that wé ha.ya,not

. . H :
considered is the contamination of water supplies. However, due to the

. DOE ARCHIVE

large dilution factors involved and the ability to eas11y momtoris‘“dﬂ

supplies in the Rulison vicinity, the dose from this source should«be

. negligible. An evaluation of this problerh has been published.

K71
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A, Accident Case

i i
@inhalatmn

The mﬂ’Ialculation concerns air inhalation at a distance of 5 km
(distance iroﬂ")\lelhead’of nearest population) as a result of 2 daytime

accident. At an effective release height of 300 m, which gives the highest °

concentrations, the pred{ﬂ!:ted tritiurn air concentration is 3.5 X 10.8

Ci/m3. If one uses the “;33? value for the volume of air breathéd by

standard man, i.e., 2X 107 crt;'% per day or 10‘7 cm3 per 12 hours, then
J == : :

the numer of microcuries inhkiedml,af_lz hour periodis 0.35 pCi. The

amount inhaled is essentially all abébfbed?z For a 70 kg man this results

e

~ * -2
in a first year dose of 2X 10 ~mrem aa/:;u.;ug & 12 day Lall-lile for

T COPY AVAILADLE
tritium in the body and a relative b1olog1c§lf ectweness (RBE %

1.0, 15 The nightime air concentration at 5 knhias a result of an
accident situation is approximately a factor of IOUQIEEIOW the n1ght1me

case and would, therefore. give 2 dose of 3 X 10 Pr—rem for a 12 hour

release period. At 15 km the nightime release would Ead to a dose of
K
2% 10 -3 mrem while the daytime release would lead to a(-g; of

‘..___.a‘
S

| ——

7% 10'3 mrem.

2. Dry Deposition s “‘]?QE ARCHIVES

The amount of tritium deposited on the ground at 5 km asa result

of an accident is given as 1.5X 10-5 Ci./rn2 for the daytime case. The

First year dose and 30 year dose are the same for an acute exposure to
tritium. , ' o @
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unit-rad deposition value for the forage-cow-milk pathway for tritium

accord:xngiéo Ng et al48 is 99~EC—21. This means a child drinking one
‘\J } m
liter of mxlz\pjfiay from cows grazing on pasture contaminated with
AN

H at 100 p would receive a dose of one rem. The daytime

deposition at 5 kn; @fore results in a dose of about 0.2 rem. The

\ 5 km is a factor of 1000 lower than this. If the

AK
tl

n1ght1me deposition

entire chxmney were emphed in a 24 hour period in the same location

these two values would have to/}?q summed. At 15 km the nightime and
\ )‘1 . .

daytime depositions would leddmt‘ak.ﬁi;loses of 10 mrem and 40 mrem,

respectively. As was pointed out pi‘i\-iiiiously, the unit rad deposition via
-

",
e

the scil-roct pathwey is mcre thau 15 (ha€ediighes than that via the
: , BL‘\\ - COPY AVAILABLE
forage-cow-milk pathway and therefore the-dose received via the soil-root

system would be at least 15 times less than thei idoses calculated for the

forage- -milk path . et
orage-cow-milk pathway =
. . =
B. Flaring Operation i
1. Inhalation ﬂ

For the flaring operafion the initial calculationdox}t-h_ﬁ dose

received as a result of air inhalation will be made for th ;di“;rtime situation

ek

at s km This is the maximum value predicted for air concentz{ztaons as
- a result of flaring and is, therefore, the limiting case for the WDOE ARCHIVES
inhalation situation. The value for the predicted air concentration is

-9 3 . . /"

2.6 10 “ Ci/m". Again assuming an”inhaled air volume for a 12 hour

period of 107 cm3 the short-term body burden is 0.026 pCi. This is a 6’q,g
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factor of 100 less than the accident case or a dose of 3 X 10-3 mrem. The -
mghtn‘nie *ﬁlease case at 5 km is a factor of 500 below this value. At

Sy -4
15 km 12 hour daytzme flaring would lead to a dose of 8 X 10" mrem,

N
and the 12 h }n:\hightune flarmg would gwe an inhalation dose of 3 X 10

., mrem.

The total u&ﬁﬂi dose at 5km as a result of a three day flarmg

period is then approxxmitjely 10 -2 mrem. At 15 km the total inhaled

dose would be about a factor off_hree lower than at 5 km or 3 X 10 mrem.

AN
2. Dry Deposition /, f'”* A

/»«

,\‘

The deposition of tritium onfo“giants as a result of the flaring

operation can be calcunlated uring t‘: :our/c*\cna value of 10~ -4 Cx-sec/m3
BEST COPY AValLaulb
for the mtegrated activity at 5 km for da@ release, and a value of

-

10-2 m/sec for the deposition velocity. 2 The 1Lé%sult is 10'6.,’ Ci/mz.

This is a factor of 100 less than the maximum &ccj

t case and gives a
dose of 10 mrem for the fbrage-cow-milk pathwa ightime deposition

is a factor of 1000 lower and therefore leads to a doaer 10“5 rem.

At 15 km the deposition from daytime release leads to'd dose of 3 mrem

while nightime depbsition leads to a dose of 1 mrem. Thgses resulting

from the soil-root pathway would again be a factor of 15 lower"}?ih the

'above estimates for the forage-cow-milk pathway. . — DOE ARCHIVES

C. Rainout

Tritium may also be deposited on the ground surface by the process

of natural rain Bringing down the activity contained in the plume.
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For the accident case, it has been estimated that the specific

activi#‘ o? lthis water might be between 1. 8 X 10°2 and 4.8x 10°>

i
i

L I

™~

.

uCi/g,

t

irc_:{can be compared to a RCG value of 1% 10"3 pCi/g for

% ) .

drinking wafq\n{\ﬁlt would take a rain of about 2 ¢m to bring down enough
o 2

activity to equal th@t rad deposition {or the forage-cow-milk pathway.
i,.l ] o ’
This_ amount of wate\.i,//however, could not possibly be retained by the
[l
plant surfaces, and wog}cﬂ move into the soil water. Dose contributions
b ey

would therefore be reduc:;i anmould be less than the calculated dose
arising from dry deposition a.‘ndb:e:x_try into the forage-cow-milk pathway.
o

s

The same conclusions woulé\iaj}sd apply to the flaring operation.

- -D. Scif-Induced Raiuvul o SN .
| | TTEPST COPY AVallabul

distance of 2 k. Self-induced rainout is the cicsindensation of water out
of a super-saturated gas at or near the releasez‘i)éointj His value of
60 —-Zg— for a 24 hour period gives 1440 g/mz. %TKé activity of the

m -hr =

- ' - ! :

water is 10 7 Ci/g or, therefore, 1.44 X 10 4 Ci/m. 825% of this

1f-induced rainout i the plants then th e i
self-induced rainout remains on the plants then there aral—antxally
5

b ey

3.6 % 10" Ci/xx:\2 which will lead to a dose through the fo%g—é—cow-milk

pathway of 0.36 rem. Knox estimates the accident case would l‘ge‘\b‘éme
, [ /3

five times worse or approximately a dose of 1.8 rem. Howeve¥,; there
. ’ CHIVES
are no people and no dairy.cattle within 2 km of the wellhead. 2 DOEAR

The results for the various situations are summarized in Table I.

The significant point to be made from these data is that the food pathway 5’9
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could contribute by far the greatest percentage of the dose. ‘The dose

T . ‘ .
contrilg\}xte‘d}by air inhalation over a 12 hour period is trivial compared to
Pl ' '
N e

the dose whigh copld be received via the forage-cow-milk pathway as a
N

result of auc% a:i“r concentrations. Therefore. simply keeping the air

Mo

concentrations at {;}htly below MPC is not sufficient. The daytime

accndent release 1s\an/xamp1e. The air concentration at 5 km for a

12 hour period is predictfieid to be 3.5% 10"8 p.Ci/cn'x3 or a factor of two
I S—

[ I—

below RCG. However, even for_z‘::t‘his short period of time the resulting

deposition of tritium on foragé.f’@ﬁi}:h could Be incorporated in the food

PN

chain via the forage-cow-milk leadsi“:'fbj;predicted dose of 0.15 rem

which is very near the primocy :.tar.c‘.;;u.; u"xc pr uu‘uy standard of
BEST COPY AVAILADBLE

0.17 rem is the critical and controllmg gu1de? and, therefore, the

contribution cf dose from all sources must be éo‘hsidered -- especially
-

that via the food chain. Otheu:'s2 have cons1dere°a Fhe—-potentxal tr:txum

| L...«
exposure via other food cha.in pathways. i’ I
' !
Hazards from other Radionuclides B’
A, ~ Gaseous Activities |

Tf

In addition to tritium, other radionuclides are pre s;?‘ in the

(,.._._‘ >
| % 4

chimney in a gaseous form and are expected to be released duri mg ,the

[

w..,’

flaring operation or in the event of an accident. The radionuclides of

possible concern are 140. 37Ar. 39Ar. 85Kr. and 133J'Ie. Total

;nventory amounts and the predicted air activities are available.

DOE ARCHIVE
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For the gases, the ICRP model considers hazards arising from

a—

o ! ' ' :
subme’;}si’ ‘h in a cloud of the gas. Calculations using this model indicate

contribute

that the\gnj_ias ous radionnclidé of significance is 85Kr, which would

,\q equal to '25% of the dose.due to inhalation of tritium.,

14c may also be inkaled, but would not contribute any significant dose

. NNyl . . . : X
by this route due to-Ehé relatively very small amount of this radionuclide

present within the chimn Y.
-

Dry deposition values }x;\k_‘e also been given for 14C. 2 Dose

,/[.fi_;\ . _ ‘
contributions from this r—adiomxke via the 'forage-cow-milk and the
S ‘
soil-root pathway have been evaluated using the model of Ng et al. and
would be orders of magnitude lower than the.dose contribution from

(x_ “‘\\

tritium, @
Ng et al. 48 Lave published unit rad depoésition values for the

b
noble gases for both the forage-cow-milk and thesoilrroot pathway.
P

However, these values cannot be used in a meanix}éful fashion since
. [

deposition velocities for noble gases are not known. Alj an alternate

i

approach, we have started with the maximum air concéLixgzations given

t
] e—

for the noble gases, 2 and assumed that the only way the g'q:sté can be
. L A

——.

deposited is to be absorbed by water. The maximum concentrgﬁaxji\?of

H H
]

Vo
the noble gases in water was calculated using Henry's Law, arxi&iby”D_QE ARCHIVES
assuming instantaneous equilibrium. This concentration of noble ‘gases
in water was then assumed to be directly transferred to man, and

eliminated only by radioactive decay. These extremely conservative w

s
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as sumptions indicated that 85Kr was the noble gas radionuclide of most

concemj H.lt that the dose calculated in this manner ‘'was 10 times smaller

—y
than th\sl"/a lated from the ICRP model of submersion in the original
air concentr 1 of 85K'r. Therefore, any possible dose contribution by
N . Lo .

radionuclides of ndble\gases via food chain pathways is insignificant.

(

B. Particulate\ ivities .
The hazards to Qn via the forage-cow-milk and the soil-root
l I , g _

pathways for all particulate ra/f{bnuclides contained in the chimney may

= 48
also be estimated using the conse atwe values. of Ng et al. " and
compared to the tritium hazard. I
e
\‘—“ . . ..
Thic egnalycic may bo made Ly cogglinging the total chitaney

BEST COPY AVAILADLE

inventcry at six months post detonation a critical organ unit rad

deposition values. The more conservative val es for the infant have

4

i

been used Dividing the inventory (in p.C1) by t&i’er% rad deposition
value gives the mz-rad value which when mulnpl:eﬁy the fractional
deposition per mz gives the dose in rads. More importantly, the

2 . . e
m -rad value allows one to make a direct comparison'ef relative risk

for different radionuclides. —

This has been done using inventory values given in reference 2

1

and the results indicate that the radionuclidea of most concernj:x’e” DQE

9051-, l0612\.1, 95N‘b, 895:’,_and 137Cs. .For the most hazardous

radionuclide, 90Sr, the statement can be made that if its fractional

deposition (or its air concentration) is 10-4 of that of ti'itiu;n, .it would

A CY“VES

53
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constitute a hazard equal to that of tritium. This same estimate of
relatuﬁ h&&ard for 9051- may also be derived by consxdermg only the
mvento\x'y/re tive to the RCG values,for air concentratxon. However,

} ‘ :
essentially qq\ { these isotopes are expected to exit the cavity,

P Y

.Risk Estimate { . -

There are approximately 1000 persons within a 15 mile radius of

the Rulison site. 2,3 Siri;L:mis is the critical population which could
A

receive some exposure, calcu,.(éx?ns for the mcreased incidence of 1eukem1a
/L -
cancer, life-shortening and genetic, eﬂects ha.ve been made on the basis
.
of 1000 persons. Tl

We will use dose estimates derive’élﬂﬂifdiom the source terrns for the

— ‘n
.;\¥},

normal flaring operation since it is the mosf lx}cely situation to occur.

|
The largest estimated dose to the population refsfults via the food chain

i

-

Y g
pathways. However, this is a controllable s1tuatiowxl.§uch that any dose

e mend

via these routes (forage cow-milk and so11-root) could _be consxderably
| i ‘
reduced by appropriate Public Health measures. Wzth thia in mind,

hu

we will present risk estimates for doses recewed through-bcfh the

forage-cow-milk pathway and through air inhalation. 'The.L_lii!gest dose

x
via the forage-cow-milk pathway due to dry deposition is 30 mrerr; ;

DOE ARCHIVE:
at 5 km while the largest total dose due to inhalation during a three -day

flaring operation is 0.01 mrem at 5 km. Therefore, we will use these

’,

two numbers in our calculations.
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It is assumed that the average absorbed dose resulting from tritium

exposﬁx%e is sufficient for making such calculations and the details of such

Lo

calcule‘ti‘é’hs iven in the Appendix. The results are summarized in

Table II. Th!ea r'e'conse'rvative upper limit estimates which are based

on extrapolation f@gh doses and high dose rates. No account has

dose rate effects or possible repair mechanisms at

i . .
these lower doses. Var c%us studies indicate that such processes might

been made of possi

be functioning in mammalian sy;hems. For instance, radiation-induced
/ u..x\”* '

mutatmn frequencies show a cnnstaerable dose :rate effect with acute
R

I

exposure resulting in a roximatel \féu'r times as many mutations as
P _ y mu

53, 54 T e e s C
chronic cupocure. The survival ul . lvulo;cd celis, voth in vivo

~ "G . E
and in vitro, has been shown to increase Q!}g?géerd(égg¥s‘%¥. ng'g}-lé in a
. - _
chronic or fractional manner rather than an actﬁx?e manner. 33' 55 Also,

) i
fewer chromosome abberations are observed after-chronic or
1 :

fractionated exposure than after acute exposure. iu; Chronic exposure

n
studies on cancer induction in hurmans, however, are non-existent.
[
{
. . | | . .
Repair processes have also been demonstrated ih varjous organisms

and cell lines after UV irradiation. 58-60 Uns cheduled Dkﬁ"aynthesm in

mammalian cells has been reported at x- ray doses of 5000 r 9{ ind a
/ j

- type of ''repair replication'’ after very large doses of x-1rrad1&t~}en’has <

been observed in Hela:S-3 cells. 62 However, the relationship of this
repair replication to cell recovery is still speculative. It has also been

established that rejoining of x-ray induced breaks in the DNA of m

55
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63 s
mammalian leukemic cells occurs. The rejoining process secms to be

rather :ra&i'o-resistant but again its relationship to cell survival has yet

/

“to be clearlyadefmed.

P
i s

Enzy:nah regoznmg of smgle strand breaks in the DNA of bacteria
- has been reported(?fﬁo different groups64'-65 and also the excision of

thymine dimers and~m‘is;patched sequences by DNA polymerase has been
{

6 .
observed by Kelly et al.| ;36 It appears the enzyme might be -able to carry
out both excision and polymerii@;gion indicating repair of damaged DNA.
The relationship of all the obs{.ef'\"éd repair fmechanisms to cell killing,

g
{

or more importantly, to the induction of various types of cancer and genetic

L
LS,

effccts, iS w Inajus yuesiion in radiatién;b’iﬁl‘ogy
BEST COPY AVAILADLE
It is possible, therefore, that dose\::ate effects and repair processes

s

might, for low dose exposure, reduce the dama;.ge below that which is

predicted by linear extrapolation f{rom high doégs;%} high dose rates.

However, in order to be conservative in these calculations we will

: B!
proceed on 2 linear extrapolation hypothesis from the observed effects

|

ek

at higher doses. .
(N

When the Appendix was originally written, 67 we féii"?hat the
weakest evaluation concerned the estimation of the ma.gmtude of -~ 5 ARCH“ £S
non- specific life-shortening, and a very conservative estimate. of 7%
reduction in life span per 1_00 rad was chosen. Andersen and Rosenblatt68

(’ have recently reported the results of a study on female Beagle dogs

where the median life span was shortened 6. 7% per 100 rads, a value 56@/

—
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. . . 6
in complete agreement with our estimate. Storer, ? however, has

{ i
stated 1;;\ a recent publication that 1% per 100 rad is probably a

)

conservative, ber when extrapolated to exposures occurring at low

dose rates. U{\

o

There has g}so\been a recent an_alysis70 indicating that the total

increase in all radi\Ogﬂmig cancers (excluding leukemia) might be more ’

than an order of magnitude higher than our estimate. We are not

convinced that the data availab}fé:‘%t the present time justify such a

AW
fd % » ., ) v
conclusion. However, even if /suth an’interpretation should be correct,
o B
’/-'f“k..:‘x .
our inclusion of non-specific l‘i.fe-shkofitpning (which would include losses
: ) ) :

due to denth by cancer ag well ac 21l ctheyCouscs) in thic cvalualion as
\-BEST COPY AVAILABLE,
lives lost would be adequate to cover suc ffect. Therefore, when

H

our estimate for lives lost due to life-shortenirig5 is combined with the

i
§

{
estimate for genetic deaths, we feel the total is"“a.,x:pggervative upper .

limit value for the overall risk estimate.
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TABLE 1

Whole Body Dose in Rems for Inhalation and Ingeétion of Tritium

s

[

DOE ARCHIVES

N,

V Y44

Accidenf Case

Distance from ‘Flaring Case

i
Uflfptiall Dose for

|

(via forage.cow-

milk food cham)ﬂ'

g

Daytime Nightime Source Daytime Nightime’) H fﬂDa.y Flaring Operation
. -5 -8 -6 -9 =] -6 '
Air Inhalation 3x10 3xX10 5 km 2% 10 4)(_‘141”,g ~ 6x10
(12 hrs at highest 6 -6 - g Y
" concentration) Tx10” 2X10 15 km 5% l?ﬂ% 2x 10 ~ 2%10
- - 2 - -
TDry Deposition 2x 10 1 2x10 4 5 km o1 10 > ~ 3x10 2
(via forage-cow- I .
milk food chain) 4x 102 107? 15 km{f \ 3% 1072 10‘_3 | ~ 1072
Tmy Deposition B 1'9'.'2 107> skm "~ 6x10t ex1077 ~ 2x103
(via soil-root 3 4 » - -4 -5 . ) -4
food chain) 3x 1077 7x10° 15 km 2x 1077 6x10 ~ 6x10 "
Self- Induced ~f’-<’«/‘ff:§ | . ,
Rainout 1.8 2 km 0.36

*
' Standard man mha{s 2 10 cm per day (ICRP)
T

NVO sourc
, 1 Ng et al. 48 14 to a child via forage-cow-milk pathwsay

o Burtbrr42*}Ng et al. 48 dose to a child via soil-root pathway with modification (see text)

d
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TABLE I
= ST.rmnary of the Upper Limit Risk to 1000 People Due to the
Do ek )
t F Exposure to 30 mrem in One Year
Nl
U \ . , Increased Naturally Occurring
ﬂ Deaths Due Deaths per 1000
{ { v to-Radiation People
\N/ .
First Generation . '

TGenetic Death ; 1 5.4x 107> 200
Adult Leukemia A 6 x10* 5
Childhood Leukemia /L_\\ 2 x 107* T 0.023

. LA r3
Other Adult Malignancy P 1.2 X 10 100
: . N
Other Childhood Malignancy k\ ~3.9 X 10'4 - 0.023
* : _ -
Non-Specific Life Shortening (:“““ ‘2. lx 10
(= '
Total for First Generation ~ 2.6% ‘}0'2
(Non-Specific Shortening S -
Flus Genetic Deaths) f
Over All Time | S
e.J
Additional Genetic Deaths’ 2.2x10° I b
L

Total Detriment Over All Time ~ 2.4 X 10

B .

i

These are upper limit risks; the lower limit risks cohld be zero.

Non-spec:ﬁc life shortening includes cancer deaths plus“mjother diseases
and physiological processes leading to death. b

! —
"1t exposure due to the food chain were reduced by appropﬂ;le measures
and the primary exposure were by inhalation, then the dose \qum\o 01

mrem and the above risk factor would be reduced by a factor' pf 3000

Genetic death refers to the eventual elimination of a deletenous gene.
This would be evidenced by abortion, stillbirth, pre- reproductxve death
early embryoric death, lowered fertility, or sterility.

P

.

"{LHIVES

z
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